INTRODUCTION
It is well known that there are wide varieties of materials which form self-organized structure. 1, 2) When a sort of 3 dimensional network structure is formed, the system may possess viscoelastic properties similar to entangled polymers or gels depending on life time and strength of the structure. A typical example of low molecular weight system is wormlike micelles formed in aqueous solutions of surfactants and organic salts, such as cetyltrimethylammonium bromide and sodium salicylate (CTAB/NaSal). [3] [4] [5] In this case, at least two different types of relaxation processes for network structure are known. That is, the main relaxation process for so called type II micelle is similar to entangled polymer systems, while that of type III is Maxwell type relaxation and the structure is called "phantom network".
There also exist surfactant systems which form wormlike micelles in organic solvents. 2, 6) Mixtures of aluminum tristearylate (C18Al) and non-polar organic solvents, known as metal soap, are typical example of them, which show gel-like behaviors 7, 8) . However, their viscoelastic properties and structure are less studied compared to wormlike micelles in aqueous solutions. It have been reported that the viscoelastic properties of C18Al/organic solvent systems strongly depend on sample preparation conditions and aging. 7) Structural analysis by light scattering and small angle X-ray scattering may be somewhat difficult for this system due to the low contrast of refractive indices and electron densities between surfactants and solvents. These may be the reasons for scarce study. In a previous work 9) , we examined effects of preparation conditions and aging at room temperature on the viscoelastic properties of C18Al/decahydronaphthalene (decalin) system. Temperature dependence of dynamic viscoelastic properties for 7 wt% solution of aluminum tristearylate (C18Al) in decahydronaphthalene (decalin), prepared by 2 hours heating at 130 °C and 1 day aging at room temperature, are examined. Shapes of dynamic moduli vs. frequency plots are similar to those of entangled polymer systems, implying that this system forms wormlike micelles. Temperature dependence of zero shear viscosity h 0 can be expressed by an Arrhenius type equation. The specific viscosities obtained at different temperature are almost constant. Plateau modulus G N gradually increases with increase of temperature T, and the values reduced by absolute temperature are almost constant. The structure examined by small angle neutron scattering and X-ray diffraction was practically the same at different T. Therefore, we conclude that as long as the sample preparation condition is maintained the same, the network structure of C18Al/decalin micelle is practically the same at different temperatures and the main relaxation process of the network is similar to entangled polymers, at least for limited conditions tested in this study. Thus it is clear that this system is a non-equilibrium system.
However, as long as the preparation condition is maintained as the same (2 hours heating at 130 °C and 1 day aging at room temperature in our study), the reproducibility of viscoelastic properties are good. It was also pointed out that pre-shear (shear rate 100 sec -1 in non-Newtonian region) does not affect the data of dynamic viscoelastic properties, implying that micelles may not easily broken by the flow.
As mentioned above, viscoelastic properties similar to entangled polymer systems are observed in a limited range of C18Al concentration C (3 < C < 10 wt%) so that it is difficult to study the concentration dependence of them. In this study, we report the temperature dependence of dynamic viscoelastic properties of this system at a fixed concentration, C = 7 wt%, where typical viscoelastic properties of worm-like micelle can be examined. The structure of micelles was also examined by X-ray diffraction (XRD) and small angle neutron scattering (SANS) measurements.
EXPERIMENTAL
Aluminum tristearate and decahydronaphthalene (cis trans mixture) were purchased from Kishida Chemical Co. LTD, while decahydronaphthalene-d 18 was purchased from Aldrich.
All materials were used as received. As mentioned above, C is fixed at 7 wt%, where plateau and terminal region behaviors were clearly observed. C18Al was dissolved at 130 °C for 2 hours and then the solution was cooled to room temperature.
The measurements were performed after 1 day aging at the room temperature. Sample solutions independently prepared by the same condition were used at each measurement. Figure 1 shows double logarithmic plots of storage modulus, G' and loss modulus, G" vs. frequency, w at different temperatures, T. At each temperature, terminal and plateau region behaviors quite resembling to type II micelle of CTAB/ NaSal systems are observed. [3] [4] [5] From these data, zero shear viscosity, h 0 and plateau modulus, G N are obtained. Figure 2 shows semi-logarithmic plots of h 0 and G N vs. T. Here, G N value is simply determined as the value at the frequency where the minimum of G" is located (a T w = 90 rad/s, see Figure 3 ). The values of log h 0 linearly decrease with increase Solid line denotes calculated intensity for cylindrical structure by using radius of gyration of cross section determined in Figure 6 .
RESULTS AND DISCUSSIONS
T, evaporation of solvent from sample cell occurred (probably due to relatively small sample volume and longer measuring time) and a bubble was seen in the cell after the measurement.
Therefore, the data at 65 °C are not reliable. However, since the scattering data still resembles to others and viscoelastic data do not change at higher T range (55 to 75 °C), we speculate that the structure at higher T is the same as that at 55 °C. Figure 5 compares the small shoulder observed in Figure 4 with SANS and XRD data for C18Al powder. The SANS and XRD data show a narrow peak at around q = 1.3 nm
(corresponds to length of ca 4.8 nm), which is consistent with long period of C18Al crystalline estimated from its structure; two C18 chains extended in the opposite direction on a straight line and another one bent to be parallel with others (trans-zigzag C18 chain : 2.2 nm 13) , Al 3+ diameter: 0.1 nm).
The shoulder observed for C18Al/decalin is located at slightly lower q, implying that the structural unit of micelle is different from crystalline structure. Figure 6 show cross-sectional Guinier plot for the data shown in Figure 4 . There is no practical difference for the values of cross-sectional radius of gyration obtained at different T. By using the average value (6.5 nm), theoretical scattering intensity for cylinder is calculated as shown by a solid line in Figure 4 .
The data and the solid line coincide well at low q, confirming that this system has cylindrical structure, though the further details of the structure cannot be elucidated from these data.
From above viscoelastic and structural examinations, we conclude that as long as the sample preparation condition is maintained the same, the network structure of C18Al/decalin micelle is practically the same at different temperatures and the main relaxation process of the network is similar to entangled polymers, at least for limited conditions tested in this study.
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